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SUMMARY

An investigation was conducted in the Lewis 8- by 6-foot supersonic
wind tunnel to evaluate the performance of a translating-cone inlet oper-
ated over the Mach number range frcm 1.5 to 2.0 and angles of attack to
9°. The effects of spike projection and internal flow area variation on
pressure recovery, external drag, and corrected air-flow variation were
determined.l-l

$
Either external flow reexpansion over the translating cone shoulder

or internal flow contraction decreased the diffuser pressure recovery
. and, In general, increased the external drag. Ih addition, internal

flow contraction seriously ltiited the variation in corrected air flow
that could be obtained at critical flow conditions. Nevertheless, a
translating-cone diffuser showed performance gains over fixed-geometry
inlets where a variation in corrected air flow with tree-stream Mach
number was desired.

INTRODUCTION

Most modern aircraft Jet engines are required to deliver propulsive
thrust efficiently over a range of flight conditions. One condition

.-

necesssry to the accomplishment of this task is a variable mass flow.
If the over-all efficiency of the complete engine and inlet combination
is to remain high, the inlet must deliver the engine air-flow requirement
at peak or near-peak performance. Several schemes have been suggested
for efficiently varying the mass flow to a jet engine, and these are
discussed in references 1 to 6. One scheme employs a translating com-
pression surface which for conical spike diffusers would be a translating
cone.

+ Some examples of translating-cone inlets are discussed and experi-
mentally evaluated in references 5 and 6. A factor not evaluated to date
is the selection of the proper conical spike projection and internal flow

. area variation for most effective performance over a given mass-flow
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schedule. To obtain sane information on this probla, nine combinations
of diffuser cowl smd spike projections derived from three diffuser designs

.–

were studied.

The experimental investigation reported herein evaluates the exter-
nal drag, pressure recovery, and corrected air-flow variation for the
nine cowl and spike projection combinations at zero angle of attack smd
free-stream Mach nmbers from 1.5 to 2.0. The variation of pressure
recovery with mass-flaw ratio and corrected air flow was also obtained 8
at angles of attack to 9°. l!ixxnthese data, some ~erformance limitations :

of spike pro~ectton and internal flow area variation are noted. Also,
a comparison of the performance of translating-spike diffusers with that
of fixed-spike diffusers is presented.
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symbols are used in this report:

maximum flow area [0.289 sq ft)

diffuser discharge area, sting out (0.338 sqft)

drag coefficient, D/~ ~ax

external drag including additive drag

length of model shell (55.8 in.)

Mach number

mass-flow ratio (actual mass fiOW/PoQ&j

total pressure

static pressure

dynsmic pressure,

total temperature

air flow

corrected air flaw per unit area, W ~A4,15

angle of attack

ratio of specific heats for air (1.4)
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M
N
om

b ratio of P3 to NACA standard sea-level absolute pressure

e ratio of T3 to NACA standard sea-level absolute temperature

P mass density of air

Subscript:

max msxlmum external diameter

Stations:

x longitudinal location

o free stream

1 leading edge of cowl lip

3 plane of survey

4 diffuser discharge at constant diameter section

4,1 diffuser discharge at constant diameter section, sting out

APPARATUS AND PROCEDURE

The model was sting-mounted in the Lewis 8- by 6-foot supersonic
tunnel. Over-all dimensions and general internal contours of the model
are given in figure 1. A movable plug at the exit was used to vary the
mass flow through the model.

Nine conibinationsof diffuser cowl and spike projections derived
from three diffuser designs were investigated. Each of the three
diffusers was designed to have the same basic internal flow area varia-
tion (fig. 2) and to intercept the oblique shock generated by the cone
(25° half-angle) at the cowl lip at one of the free-stream Mach numbers
1.5, 1.8, or 2.0. By translating the conical spike of each of these
three basic diffusers by means of fixed spacers, the total of nine
combinations was obtained. A schematic sketch of each combination md
the resulting diffuser area variation are given in figure 3 and table I.

Each of the nine diffuser configurations is designated by a number
such that the first two figures denote the Mach number for which the
inlet and subsonic diffuser combination are nesrly optimum and the last
two numbers denote the Mach number at which the oblique shock generated
by the cone would intersect the cowl lip. Thus, the 2020 inlet has the
cowl and spike combination designed for Mach number 2.0 tith spike set

.

.
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at the position for oblique shock-cowl lip intersection at 2.0. The
2015 inlet has the same cowl and cone as for the 2020 inlet, -butwith

.

the cone translated and set for
Mach number 1.5.

The instrumentation of the
gage balance located within the
drag forces, a dynamic pressure

oblique shock-cowl lip intersection at .

model included a three-component stra@
model center body to determine model

—

pickup and recorder to determine the ~.
onset of diffuser buzz,-a remote-reading pendulum-type attitude indi-
cator to determine angle of attack, and a static pressure survey for
determining mass flow (sonic-flow Area method) and diffuser totaL-
pressure recovery. The wind tunnel schlieren system was used to obtain
photo~aphs of the shock pattern generated by the inlets.

Experimental data were obtained for each of the nine configurations
over a range of mass-$loworat+os at Mach numbers 1.5, 1.8, and 2.0 and
angles of attack of O , 3 , 6 , and 9°. Drag coefficients determined
from the investigation are based on a maxm model frontal area of
0.360 square feet. The free-s

%
eam Reynolds number based on the maximum

model diameter was about 3.4X1O .

—

●

RESULTS AND DISCUSSION

The pressure recovery and drag of the nine inlet combinations as a
function of mass-flow ratio at zero angle of attack is presented in
figures 4 to 6. The variation of pressure recovery with angle of attack
is shown in figures 7 to 9. Schlieren photo.~apm.of the shock wave
patterns generated by the inlet for some flow conditions are shown in
figures 10 to 120

~ the design of translating-spike inlgts, so~e compromise in per-
formance is necessary in the variable speed range. If the inlet is ‘
designed with a low-drag cowl, then spike translation from the design
point may cause either internal contraction or flow reexpansion due to-
projections of the spike shoulder ahead of the cowl lip. For inlets
investigated herein, it was decided to accept these compromises rather
than to include a higher cowl drag at the desig point.

Flow Reexpansion

Effects of flow reexpansion over the c.cmeshoulder as the cone is
projected ahead of the inlet are illustrated by the data obtained for the
2020 and 1520 inlets (see figs. 4(a) and 6(a)). At a free-stream Mach
number of 2.0 and zero an~e of attack~ the 2020 inlet (without reexpan-
sionj fig. 10(a)) had a critical Ylow pressu-re
and an external.drag coefficient of 0.11. The

.

.-
—

—

,. ...——
,.-

.-
—

recovery-of 84 percent
1520 inlet, which has the

.—
,...

.
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shoulder projected ahead of the cowl lip (fig. 10(b)), has a critical
pressure recovery of 81.5 percent and an external drag coefficient

of O.11. Thus, pressure recovery is adversely affected by flow reexpan-
sion occurring over the cone shoulder projected aha Of the COW1 liP.

~ternal Contraction

The experimental results for the 20-series inlets {one cowl, three
spike positions - figs. 4(a), (b), and {c)] illustrate the losse$ encoun-
tered as a result of internal contraction. At a free-stre= Mach number
of 1.5, the 2020 inlet (without internal.contraction, fig. ll(a]) has a
critical flow pressure recovery of 91 percent and a drag coefficient of
0.14. As the conical spike was progressively retracted to the 2018
(fig. Ii(b)) and the 2015 positions, with resulting progressively greater
internal contraction, the critical flow pressure recovery was reduced to
90.5 percent and 88 percent, respectively. The drag coefficient increased
to 0.15 and 0.16, respectively.

Oblique Shock Within Lip

Also of interest is the flow condition for which the oblique shock
from the cone falls within the COW1 liP. At a free-stresm ~h n~ber.
of 2.0, the 1820 inlet (oblique shock at cowl lip, fig. 12{a)) had a
criticti
cent for
that the
drag was
believed

The
designed

flow pressure ;ecov&y of 82.5 percent compared ~th-79.0 per-
the 1818 inlet (fig. 12{b]), tiich has the spike retracted so
oblique shock falls within the inlet lip. No change in inlet
obtained. The slight variation in critical mass-flow ratio is
to be within the accuracy of the data.

experimental data thus far discussed were obtained with spacers
to give smooth centerbody contours. However, actual translating

cone diffusers will generally incorporate a short cylindrical section as
an aid to mechanical translation. Insertion of spacers having a cylin-
drical section on the l_520and 1518 inlets (fig. 3(a]) to stiulate the
centerbody contour to be expected for an actual translating-cone diffuser
had no adverse effects on diffuser performance (figs. 6(a) and 6(b)).

General Performance Comparison

Engines and inlets may be matched on a basis of a corrected air-flow

‘~ (ref. 7).parsmeter ~ Optimum matching of engine and,inlet is obtained

w when the inlet supplies the engine corrected air-flow requirement at high-
est pressure recovery and lowest drag. This condition is generally
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satisfied at critical flow operation of the inlet. For a better evalu-
ation of the characteristics of these translating-cone inlet designs,
the critical flow data of figures 4 to 9 =e plotted as a function of

.

the corrected air-flow parameter in figures 13 and 14. The solid lines
—

indicate the vsrfation of pressure recovery or external drag coefficient
at a constant free-stream Mach number as the cone is either retracted or
projected. The dashed curves indicate the variation of these quantities
with free-streamMach number for a fixed cone setting, that is, a fixed-
geometry inlet. a

cJ
ti

Constant Mach number operation . - With the 15-series inlet (having
no internal contraction], it was possible to obtain approximately a 15
percent variation in corrected air flow at a free-stream Mach number of
1.5 while maintaining critical flow conditions (see fig. 13(c)). When
the conical spike was translated for the 15-series inlet, the cone
shoulder was always ahead of the cowl lip. Thus, although the flow
reexpansion generated by the cone shoulder penalized the general level
of pressure recovery, no difficulty was experienced in obtaining a
reasonable degree of variation in the corrected air flow. However, for
the 20-series inlet (fig. 13[a]) for which the cone shoulder was always
contained within the cowl lip, the internal flow contraction limited
the variation in corrected air flow obtainable at critical flow conditions -
to only 2.6 percent at a free-stream Mach number of 1.5. Furthermore,
an additional penalty associated with this inlet compared with the 1S-.
series inlet was a considerably higher external drag. ..—

The wider range of corrected air flow obtained at a free-stream
Mach number of 2.0 for the 20-series inlet arises principally from
the greater variation in diffuser pressure recovery and flow spill-
age behind a bow shock obtained by spfie translation. Corrected air
flow variation obtained in this manner 1s, of course, undesirable because
of the large losses in pressure recovery and increases in drag which are
incurred. These data therefore demonstrate that internal flow contraction
defeats the purpose of a translating-spike inlet.

Angle of attack performance. - Shown in figure 14 is the variation
of pressure recovery as a function of the corrected airoflow parameter
for critical flow conditions at an angle of attack of 9 . A comparison
of the= maps with those,of figure 13 shows the change in corrected
air-flow parameter that occurs with a change in angle of attack. lk
most instances, only a small adjustment in translation of the conicsl
spike would be required to correct for the change in corrected air flow
which arises in chsmging the angle of attack from 0° to 9d. At 9° ~@e
of attack there is, as might be expected, a-generally lower level of
pressure recovery.

*
Variable Mach number operation. - A cmnparison of the performance of

the translating 15-series inlet with that of the 1520 and 2020 fixed-
—

geometry inlets is shown in figure 15. The corrected air-flow schedule
with free-stream Mach number selected for matching corresponds to the

.
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. variation of corrected air flow for the translating 15-series inlet when
the oblique shock generated by the cone intersects the cowl lip. This
air-flow schedule follows the trend usually expected for a turbojet
engine operating over a range of Mach numbers at a constant corrected
rotational speed.

At a free-stream Mach number of 1.5, the pressure recovery of the
15-series translating-cone inlet was 4.8 percent lower than that for the
2020 inlet. However, this l“owerpressure recovery for the translating-
spike inlet was accompanied by a 17 percent lower external drag
coefficient. As the free-stieam Mach number is increased, the fixed-
geometry inlet delivers too much air and must operate subcritically.
Thus, at a free-stre=n Wch.number of 2.0~ the trans~atfig-cone fn~et
has a 41 percent lower external drag while maintaining a diffuser pres-
sure recovery within 2 percent of that for the 2020 inlet. Also, the
1520 inlet has approached its subcritical diffuser stability limit,
presenting additional difficulties of operation with this particular
diffuser. These comparisons, of course, could be altered if an engine
schedule was used that differed from that of this example.

SUMMARY OF RESULTS

. An investigation of a translating-conical-spikediffuser over a
free-stresm Mach number range from 1.5 to 2.0 gave the folJ-ting results:

1. External flow reexpansion over the diffuser cone shoulder,
internal.flow contraction, or location of the oblique shock tithfn the
cowl lip caused a decrease in diffuser pressure recovery and, in some
instances, increases in external drag. 3b addition, internal flow con-
traction limited the criti.ca3flow corrected air-flow variation obtained
by spike translation to only 2.6 percent at a free-stream Mach number of
1.5.

2. A translating-cone diffuser showed performance gains over fixed-
geometry inlets where a variation in corrected air flow with f?ee-stream
Mach number was desired. At a free-stream Mach number of 2.0, while
maintaining pressure recovery to within 2 percent of that attained with
a fixed-gecnnetryinlet, the translating-cone diffuser had approximately
41 percent lower external drag.

Lewis Flight Propulsion Laboratory
National Advisory Committee for Aeronautics

Cleveland, Ohio, March 11, 1954
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TABLE

Cowllng I

T
x b

o 2.66
.25 2.69
.50 2.73

1.CX3 2.80
2.00 2.93
3.CQ 3.04
4.00 3.13
5.00 3.20
6.00 3.25
7.CO 3.30
8.@3 3.33
6.67 3.35

1. - C~INATES OF DIFFUSSR CCMLS , CCNS9 , AND SPACERS

[Dl!nensionsare in inches.]

‘*

_J%+%lL

20-8erie.9inlets

mSpike

a

Inlet Inlet
2GZ?0 2015

01 -2.86 -1.93
1.321 0.00 .93
1.33 1.13
1.45 l:ti 1.33
1.51 .60
1.61
1.2.4
2.01
2.14
2.24

1.00
2.00
3.00
4.00
4.34

x

Ml et
2018

-2.58
.28
.48
.86
.88

1.28
2.26
3.28
4.28
5.22 --l

1.53
1.93
2.93
3.93
4.93
5.87

16-.eerlesinlets
.

mCowllng
x b c

o 2.55 2.55
.25 2.56 2.60
.= 2.61 2.64

1.W 2.67 2.74
2.MI 2.60 2.92
3.00 2.32 3.04
4.60 3.12 3.24
5.60 3.22 3.34
7.60 3.29 3.41
8.67 3.35 3.47

-i D
Cowlin

x b

o 2.43
.75 2.43

1.OW
2.000

/ I
6.800 3.25
7.800 3.33

1
8.;7 3.351

!
o

2.43
2.44

2.’62
2.79
t

3.36
3.t45

3.47

Pmike

I
a

01
;.;:1

1:21
1.26
1.42
1.64
1,84
2.03
2.21

x I

ml
Inlet Inlet Inlet
lWo 1818 1815

-2.74 -2.41 -1.79
-.33 .CM3 .618
-.23 .72
-.06 :;5 .87
.07 .4 1.02
.77 1.72

1.77 ::; 2.72
2.77 3.1 3.72
3.77 4.1 4.72
4.85 5.18 5.80

Spacers

Inlet
I

Inlet
1

Inlet
1820 1818 1815

15-eeries Inlets

Spike Spacers

a x Inlet Inlet Inlet

Inlet Inlet Inlet 15m I-518 1515

1520 1518 1515 x a x a x a

r -2.60 -2.28 -1.70 COntour Cyllnder
.801

Cmtour Cylinder
-.30 -.58 .00

.88 -.70 -.3s .2Q 5.46 2.22 2.22 5.78 2.22 2.22 ---- ----

.97 -.40 -.08 .50 6.36 2.35 2.22 6.36 2.32 2.22 6.36 2.22

1.11 .10 .42 1.00 ;.% 2.36 2.24 6.50 2.33 2.24 6.50 2.24

1.36 2.391.10 1.42 2.00 T.w Z* 2.33 7.00 2.33 7.00 2.33

1.59 2.10 2.42 3.tKl ~.m 2.39 7.3-O ::2 2.39 7.50 .2.39

1.79 3.10 3.42 4.m . 2:40 2.40 7.67 2.40 2.40 7.67 2.40

tl;:g:?B::z;gt-
;::: :::: ::~ ;:g
2.22 5.46 5.78 6.36

lReglon of 25° half-angle cone.
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.38
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.34 I
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(a) Inlet 2020, without reqanaion. (b) Inlet 1520, with reexpansion.

Fl~ 10. - Effect of flow reexpaneion over oone shoulder on inlet shock pattern for
critical flow conditions at Mach 2.0.

FI

(a) Inlet 2020, without internal
contraction.

.- ~. - Effect of internal flow
condltiona at Mach 1.5.

(b) Inlet 2018, with internalcon-
traction.

contractionon inlet shock pattern for critical

(a) Inlet 1820,-oblique ahockat
cowl lip.

(b) Inlet 1818, oblique shock with-
in cowl lip.

Figure 12. - Effect of oblique shock inside the cowl up on inlet shock pattern for criti-
cal oonditionaat Mach 2.0.
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